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SYMMETRICAL AIR FRICTION ENCLOSURE
FOR SPEAKERS

BACKGROUND OF THE INVENTION

The present invention generally relates to speaker
enclosures, and more specifically to a symmetrical air
friction enclosure for speakers which comprises an tm-
proved labyrinth type enclosure which provides good
performance in a small external volume.

Labyrinth-type speakers are well known. The first
speaker enclosure that did not increase the speaker free
air resonance was patented in 1936 by Benjamin Olney
(U.S. Pat. No. 2,031,500). The typical acoustic labyrinth
is essentially a long folded tube, acoustically lined with
acoustical material, mounted behind the speaker. The
acoustical material is used in the labyrinth to increase
the effective length of the tube as seen by the backwave.
" However, such stuffing or lining has a tendency to
over-damp the low frequencies being produced.

The effective length of the labyrinth tube is generally
selected to be approximately equal to one-half the
wavelength of the free air resonance frequency of the
loudspeaker. At this length, the backwave is essentially
shifted 180° out of phase and reinforces the frontwave.
At one-quarter the wavelength, the anti-resonant action
of the pipe offers maximum damping to the speaker. On
the other hand, as mentioned above, at the half wave-
length frequency, the emerging wave is in phase with
that coming from the front of the cone, adding to the
speaker’s output. A discussion of labyrinth speakers iS
presented in “Popular Electronics”, January, 1972, at
page 40.

Since the length of the tube of a labyrinth speaker is
generally related to the wavelength at the free air reso-
nance frequence of the loudspeaker, and such free air
resonance frequencies can be as low as 30 Hz., the effec-
tive lengths of labyrinth tubes can be greater than 7 feet
long. Accordingly, labyrinth speakers are generally
large in size, bulky and have large volumes.

The fold in the tube of the labyrinth is generally
accomplished by use of one or two partitions within the

enclosure. However, this leaves substantial portions of

the cabinet or enclosure unbraced and therefore suscep-
tible to undesired vibrations and induced resonances.
Other types of non-labyrinth speakers are known
which utilize various partitions therein to either in-
crease the effective length of a path, to produce a horn
having an increasingly large cross-sectional area, or to
serve as baffles. For example, U.S. Pat. No. 3,327,808
discloses a loudspeaker housing having as its object to
obtain an improved bass response. However, the loud-
speaker housing disclosed in this patent is for a resonant
column-type enclosure, which consists of a speaker at
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one end and a series of constrictions at the other end of 55

a tube. The constrictions appear in the housing outer
wall and the constructions or apertures have dimensions
selected to make the same frequency selective by pro-
ducing inductive effects and acting to cut off higher
frequencies. The resonant column may be folded or
telescoped but it is shorter in length than a labyrinth.
More importantly, the resonant column increases the
free air resonance frequency of the speaker housed in it,
and has an irregular polar sound distribution curve.
This is its main disadvantage. For a discussion of reso-
nant column-type enclosures, see “How to Build
Speaker Enclosures”, by Alex Badmaieff and Don Da-

vis, Howard W. Sams and Co., 1973, page 115. In intro-
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ducing the invention, the patentee of this patent distin-
guishes his invention by stating that his structure should
not be confused with an acoustic labyrinth.

In U.S. Pat. No. 2,646,852, for a loud-speaker cabinet,
the patentee discloses an enclosure provided with a
plurality of internally spaced partitions. The partitions
and apertures or openings between adjacent chambers
or compartments is selected to provide one tortuous
path which leads to a closed end, the reflected sound
being retransmitted through its initial path and ulti-
mately out through an output port located proximate to
the loudspeaker. This construction is not a labyrinth
type of construction and tends to increase the free air
resonance frequency of the speaker.

Numerous constructions are also known which uti-
lize internal partitions to generate or form a tortuous
path for the front or backwave produced by a loud-
speaker. For example, the following U.S. patents dis-
close various constructions of generally horn-type en-
closures: U.S. Pat. Nos. 2,224,919: 2,310,243; 2,971,598,
and 3,642,091. In each case, the partitions are generally
arranced to produce a tortuous path which has an in-
creasingly large cross-sectional area to either the front
or to the backwave. Accordingly, the devices disclosed
in these patents are not true Jabyrinth speakers and do
not have the desirable characteristics thereof.

A twin equilateral sound speaker enclosure is dis-
closed in U.S. Pat. No. 3,529,691. The primary object of
this device is to provide 360° dispersion of the sound
over a wide frequency range. This is achieved by utiliz-
ing an enclosure provided with three substantially con-
centric tubes together forming a continuous path. How-
ever, the loudspeaker is mounted in the central portion
of the enclosure in such a manner that it is the front
wave which is caused to propagate through the tortu-
ous path formed by the tubes while the back of the
speaker is completely enclosed.

In U.S. Pat. No. 1,810,708, a method and apparatus
for amplifying sound waves is disclosed. While the
device disclosed utilizes a plurality of generally concen-
tric cylindrical walls, this device is not an enclosure for
a speaker. Additionally, since the cylindrical partitions
each form a substantially annular space or chamber,
reflections of the wave at the axial ends of the chambers

from one chamber to the next in effect produces a horn-
type enclosure where the cross-sectional area for the
wave front increases step-wise instead of gradually and
continuously as with conventional horns.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a labyrinth speaker system which does not
exhibit the disadvantages inherent in the prior art speak-
ers.
It is another object of the present invention to pro-
vide a labyrinth speaker system which is simple 1n con-
struction and economical to manufacture.

It is still another object of the present invention to
provide a labyrinth speaker system which exhibits a
large internal surface area for the backwave as com-
pared with its external volume.

It is vet another object of the present invention to
provide a labyrinth speaker system which increases the
number and amount of the bends in the speaker back-
wave path.

It is a further object of the present invention to pro-
vide a labyrinth speaker system which provides in-
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creased cabinet rigidity to thereby prevent sound color-
ations caused by cabinet resonances.

It is still a further object of the present invention to
provide a labyrinth speaker system which may be made
from wood, or materials other than wood such as stiff
paper or cardboard cylinders or planar partitions.

It is vet a further object of the present invention to
provide a labyrinth speaker system which can be con-
structed, in accordance with one embodiment, to have a
substantially cylindrical shape of circular cross-section
to minimize the frictional resistance to the backwave as
it emerges from the enclosure.

It is an additional object of the present invention to
provide a labyrinth speaker system which is highly
versatile as it can easily be tailored to any loudspeaker
by adding or subtracting partitions which comprise the
tortuous path for the backwave.

It is still an additional object of the present invention
to provide a labyrinth speaker system which may in-
clude a continuous path, having a substantially uniform
cross-sectional area equal to approximately the effective
cone area, extending at least a portion of the length
travelled by the backwave.

In order to achieve the above objects, and other
which will become evident hereafter, a labyrinth
speaker system in accordance with the present inven-
tion is disclosed which substantially maintains the free
air resonance frequency of a speaker mounted therein
and has a generally large total internal surface area as
compared to its volume. The speaker system includes a
cabinet enclosure having a front, side and rear panels.
Partition means is provided inside said enclosure for
forming an initial chamber, a plurality of intermediate
chambers, and a final chamber. Said initial chamber
bounds on said front panel and said final chamber
bounds on at least one of said panels. The enclosure has
an output port opening to the outside thereof. Speaker
means having an effective cone area is disposed within
the enclosure for generating a backwave to be initially
propagated into said initial chamber and a frontwave.
Said partition means includes a plurality of generally
parallel partitions which define adjacent intermediate
chambers. Said partitions are spaced from each other
along a predetermined direction and generally define an
axis of symmetry. Said partitions are provided with
aperture means communicating the interiors of respec-
tive adjacent intermediate chambers, said partitions and
aperture means being arranged with respect to said axis
of symmetry to form at least one tortuous path which
causes said backwave to change directions of propaga-
tion at least 90° upon entry into each successive inter-
mediate chamber. Said at least one tortuous path and
said aperture means and said output port opening have
effective areas for said backwave approximately equal
to said effective cone area. At least one of said partitions

and aperture means are spaced away from said axis of
symmetry. In this manner, said backwave assumes a

cross-sectional configuration which is generally annular
in shape during propagation through at least portions of
said intermediate chambers.

According to one presently preferred embodiment,
said partitions are substantially cylindrical walls con-
centrically aligned with each other, said cylindncal
walls having different diameters to form annular inter-
mediate chambers. Said cylindrical walls are advanta-
geously coaxially aligned with said axis of symmetry.

According to other presently preferred embodiments,
said partitions are planar and substantially rectangular
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in shape. Said partitions in accordance with said other
embodiments are spaced from each other along said axis
of symmetry. Alternate ones of said partitions are pro-
vided with aperture means in the nature of peripheral
openings. Intermediate ones of said partitions disposed
between said alternate partitions are provided with
aperture means in the nature of central openings. In this
manner, said backwave propagates in directions sub-
stantially normal to said axis of symmetry subsequent to
passage through each aperture means in any one of said
partitions. In the last mentioned embodiment, said parti-
tions and aperture means are arranged to successively
break up said backwave into said substantially annular
shape and substantially reconstitute said backwave
upon passage through said alternate and intermediate
chambers respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages of the invention will become
apparent from a reading of the following specification
describing illustrative embodiments of the imvention.
This specification is to be taken with the accompanying
drawings, 1n which:

FIG. 1 is a perspective view of a labyrinth speaker
system i1n accordance with the present invention, this
embodiment comprising a substantially rectangular en-
closure;

FIG. 2 is a perspective view of the two component
sections of the enclosure system shown in FIG. 1, the
two sections being separated to show the internal con-
struction thereof;

FIG. 3 is an enlarged cross-sectional area of the
speaker system shown in FIG. 1, taken along line 3—3,
and showing the relationship of the internal cylindrical
walls or partitions which define annular chambers;

FI1G. 4 1s an enlarged cross-sectional area of the em-
bodiment shown in FIG. 1, taken along line 4—4, and
showing the arrangement of the internal cylindrical
partitions which define the tortuous path for the back-
wave;

FIG. 5 is another embodiment of the labyrinth
speaker system in accordance with the present inven-
tion and is generally similar to the embodiment shown
in FIG. 1 except that it has a generally circular cylindri-
cal configuration or shape;

FIG. 6 is similar to FIG. 2, but showing the two
sections of the embodiment shown in FIG. § separated
from each other;

FIG. 7 is an enlarged cross-sectional view similar to
FIG. 3, but showing the embodiment shown in FIG. §,
taken along line 7—7,

FIG. 8 is a perspective view of an enclosure applica-
ble for the embodiments shown in FIGS. 9-14;

FIG. 9 is an enlarged cross-sectional view of a further
embodiment of the present invention, taken along line
9—9 in FIG. 8, and showing a speaker enclosure having
substantially planar partitions provided with aperture
means so selected and arranged to form the tortuous
path for the backwave;

FIG. 10 is a simplified view of the embodiment
shown in F1G. 9, showing the tortuous path taken by

the backwave, and showing an optional horn attached
to the speaker enclosure for loading the front wave;
FIG. 11 is an exploded view in perspective of a por-
tion of the speaker enclosure shown in FIG. 9, showing
generally the path taken by the backwave as it propa-

gates through the various apertures in the planar parti-
tions;
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FIG. 12 is yet a further embodiment of the present
invention, shown in cross-section, and also including
generally planar partitions similar to the embodiment
shown in FIG. 9, this embodiment including additional
apertures and spacer members to define an extended
tortuous path;

FIG. 13 is similar to FIG. 10 and shows, in simplified
form, the partitions and apertures of the embodiment of
FIG. 12, showing the turtuous path travelled by the
backwave;

FIG. 14 is similar to FIG. 11, and shows an exploded
view in perspective of a portion of the speaker enclo-
sure shown in FIGS. 12 and 13, and also shows one of
the typical paths taken by a portion of the backwave as
it propagates through the various partitions and aper-
ture means;

FIGS. 15 and 16 are side elevational views of gener-
ally planar partitions which may be used in the embodi-
" ment shown in FIG. 9, showing variations of peripheral
aperture means which may be used in place of the pe-
ripheral slots shown in FIGS. 9-11; and

FIGS. 17 and 18 are similar to FIGS. 15 and 16,
except that these show variations of central aperture
means which may be utilized in place of the generally
rectangular opening shown in FIGS. 9-11.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now specifically to the Figures, in which
identical or similar parts are designated by the same
reference numerals throughout, and first referring to
FIGS. 1-4, one presently preferred embodiment of a
labyrinth speaker system in accordance with the present
invention is generally designated by the reference nu-
meral 10. The speaker system 10 houses a conventional
loudspeaker 12 in a generally rectangular-type enclo-
sure 14. The enclosure 14 includes a front panel 16, a
rear panel 18, a top panel 20, a bottom panel 22, and side
panels 26.

Bracing means in the nature of elongate bracing
members 28 are provided which extend between and
are rigidly connected to the front panel 16 and the rear
panel 18. The bracing members 28 serve to rigidify the
enclosure as well as maintain the front and rear panels

16 and 18 respectively spaced from each other at pre-
selected distances, as will be more fully described be-
low. As best shown in FIGS. 1 and 4, the top, bottom
and side panels 20, 22 and 26 respectively, are mounted
on the front panel 16 and have depths smaller than the
distance between the front and rear panels 16 and 18.
This results in an output port 30 in the nature of a pe-
ripheral vent extending proximate t0 the periphery of
the rear panel 18. The output port or vent opening 30
serves as the exit port for the backwave as shown in
FIG. 4.

As will become evident from the description that
follows, the partitions of all of the embodiments In ac-
cordance with the present invention include partition
means inside the enclosure for forming an initial cham-
ber, a plurality of intermediate chambers, and a final
chamber. The initial chamber bounds on the front panel
16 and the final chamber bounds on at least one of the
other panels and has an output port opening, such as the
vent opening 30, to the outside of the enclosure. In all of
the embodiments to be described, the partition means
includes a plurality of generally parallel partitions
spaced from each other along a predetermined direction

and generally defining an axis of symmetry such as the
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axis 31 shown in FIG. 4. The partitions, whether cylin-
drical or planar, are provided with aperture means
which communicate the interiors of respective adjacent
intermediate chambers. The partitions and aperture

‘means are arranged with respect to the axis of symme-

try to form at least one tortuous path which causes the
backwave to change directions of propagation at least
90° upon entry into each successive intermediate cham-
ber. The tortuous path, the aperture means and the
output port opening have effective areas for the back-
wave approximately equal to the effective cone area of
the speaker 12.

An important feature of the present invention, which
increases the internal surface area for the backwave, 15
the arrangement of the partitions and apertures thereon
with relation to the axis of symmetry to cause the back-
wave to assume a cross-sectional configuration which is
generally annular in shape during propagation through
at least one or more of the intermediate chambers. Here-
inafter, for purposes of this specification and claims, the
word annular and its derivatives will mean a cylindrical
or tube-shaped configuration having substantially uni-
form cross-sectional area along its axis and having, for
example, a circular or square shape.

As best shown in FIGS. 2, 3 and 4, the embodiment
10 is provided with partitions 32 mounted on the front
panel 16 which are radially spaced from each other as
shown to form corresponding annular chambers 34.
The innermost partition defines the initial chamber 36
for the backwave and encloses the rear of the loud-
speaker 12 which is mounted on the front panel 16.
Similarly, partitions or walls 38 are mounted on the rear
panel 18, the partitions 32 and 38 generally having simi-
lar cross-sectional configurations. However, the sizes or
dimensions of the partition walls 32 and 38 are so se-
lected, as best shown in FIGS. 3 and 4, so that these
walls or partitions may be concentrically interweaved
with each other. Stated otherwise, the partition walls 38
are received within the annular spaces 34 while the
partition walls 32 are received within the annular spaces
40. When so interweaved, all the walls or partitions 32
and 38 together define intermediate chambers 42a-42f
which are the actual chambers through which the back-

wave propagates. With this construction, the innermost
chamber 36 is denominated as the initial chamber into

which the back of the loudspeaker 12 initially intro-
duces the backwave, the annular chambers 42a-42e are
denominated as the intermediate chambers which define
the tortuous path taken by the backwave, and the annu-
lar chamber 42fis denominated as the final chamber into
which the backwave is transmitted just prior to being
vented to the atmosphere through the vent opening 30.

Referring to FIG. 4, the loudspeaker 12 is shown
mounted on the front panel 16 with the axis of the loud-
speaker 12 being generally coincident with the axis 31
of the enclosure. The arrow designated by the reference
numeral 44 represents the frontwave generated by the
loudspeaker, while the reference numeral 46 designates
the initial path taken by the backwave generated by the
loudspeaker. As should be evident, the backwave 46 is
initially propagated into the initial chamber 36.

As is best shown in FIG. 4, the axial length of the
walls 32¢-32c and the axial length of the walls 36a-36¢
are selected to be less than the spacing between the
front panel 16 and the rear panel 18. The walls 32¢, 325
and 32a constitute a first set of walls and are increas-
ingly spaced from the axis of symmetry 31. The walls
32c, 32b and 32a are additionally shown to be decreas-
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ingly spaced from the rear panel 18. Similarly, the walls
36¢, 360 and 36a form a second set of walls which are
increasingly spaced from the axis of symmetry 31 and
decreasingly spaced from the front panel 16. As will
also be noted in FIG. 4, adjacent walls or partitions of 5
the first and second sets 322-32¢ and 36a-36¢ respec-
tively, which are increasingly spaced from the axis of
symmetry 31 are decreasingly spaced from each other.
The annular spaces 42a-42f between adjacent cylindri-
cal walls and the spacing between the walls and the 10
front and rear panels are selected to maintain the effec-
tive area for the backwave as it propagates between the
initial chamber 36 and the final chamber 427 approxi-
mately equal to the effective cone area of the loud-
speaker 12. Thus, for example, as would be evident from 1>
FIGS, 2-4, 6 and 7, the peripheral length or circumfer-
ence of the path for the back wave increases in a radial
direction away from the axis of symmetry 44 and, there-
fore, the width can accordingly be decreased (not
shown to scale in Figures).

Still referring to FIG. 4, there is shown in dashed
outline the tortuous path 50 taken by the backwave 46
as it propagates between the initial chamber 36 and the
output port or vent 30. The backwave is vented to the
atmosphere omni-directionally and is represented by
the reference numeral 52. As should be evident, with
the embodiment shown in FIGS. 1-4, the backwave 46
travels in a predetermined direction which is generally
normal to the axis 31 since it originates at the axis 31 and 10
1s vented to the atmosphere in a radial direction at 52.
However, as described above, the backwave 46 does
travel along directions parallel to the axis 31 while still
inside the enclosure or housing 14.

The backwave 46 is caused to change its direction of ;5
propagation each time that it leaves one chamber and
enters another successive chamber. Thus, the backwave
46 is deflected by at least 90° and advantageously 180°
as 1t travels between adjacent chambers or compart-
ments formed by the partition walls. With respect to the 4,
embodiment 10 shown in FIGS. 1-4, the backwave 46
changes directions or is deflected 180° as it travels from
the initial chamber 36 to the first intermediate chamber
42a. Similarly, the backwave is deflected 180° as it trav-
els from the first intermediate chamber 424 to the sec- 45
ond intermediate chamber 4254, and so on. Upon emerg-

ing from the output vent 30, the backwave changes
direction by 90° as it travels from the final intermediate

chamber 42/ to the atmosphere.

The construction described hereinabove with respect sg
to the embodiment 10 shown in FIGS. 1-4 increases the
internal surface area as seen by the backwave 46 and
this serves to increase the air friction to the backwave to
thereby increase the effective length of the tortuous
path 50 as the backwave travels from the initial cham- 55
ber 36 to the outlet vent 30. The partitions 32a-32¢ and
364-36c, with the axial lengths thereof as shown, not
only increases or optimizes the surface area seen by the
backwave, but also substantially increases the number
of bends which the backwave 46 experiences as com- 60
pared to conventional labyrinth speakers. The substan-
tial increase in the number of bends additionally has the
effect of increasing the effective overall length for the
backwave. Optimization of the effective length of path
for the backwave permits the enclosure 14 to be mini- 65
mized in terms of volume for a given free resonance of
the speaker. On the other hand, optimization of the
effective length of the backwave, for a given volume

20

25

enclosure, permits the use of a speaker having a lower
free air resonance.

While not shown, the effective length of the speaker
system as shown in FIG. 10 may be further increased by
the use of acoustical means for lining the interiors of at
least some of the chambers. Alternately, suitable acous-
tical means may be used for stuffing or filling at least
some of the chambers. Both of these approaches in-
crease the effective length of the path of the backwave,
as conventionally known. However, with the novel
construction described above, the enclosure 10 can
usually be used without acoustical stuffing materials
while still providing sufficiently long effective lengths.
Since acoustical stuffing materials used in loudspeaker
enclosures for stuffing the same normally make loud-
speaker systems less efficient and overdamped, the pres-
ent construction provides substantially better audio
characteristics.

Referring now to FIGS. §, 6 and 7, a second embodi-
ment 10A is shown which is substantially similar in
construction to the first described embodiment 10.
However, in the first embodiment 10, the cylindrical
walls have rectangular cross-sections taken in the plane
normal to the axis of symmetry 31. On the other hand,
in the embodiment 10A, the cylindrical walls have cir-
cular cross sections taken in a plane normal to the axis of
symmetry. More specifically, it will be noted that the
embodiment 10A has a front panel 54 and a rear panel
36 each of which are circular in configuration. A circu-
lar cylindrical outer wall 60 encloses the sides of the
enclosure and is mounted on the front panel 34. As with
the embodiment 10, bracing members 58 are rigidly
connected to the front and rear panels 54, 56 respec-
tively, and maintain the front and rear panels spaced
from each other a predetermined distance. Also as with
the embodiment 10, the axial length of the outer wall 60
i1s less than the spacing between the front and rear pan-
els 54, 56 to provide a substantially circular or annular
output vent 62 proximate to the outer periphery or edge
of the rear panel 56.

Referring to FIGS. 6 and 7, the second embodiment
10A is also shown to consist of two separate sections
which are coaxially interweaved when the two sections
are assembled.

The first section of the embodiment 10A, which in-
cludes the front panel 54, includes a plurality of coaxial
cylindrical walls or partitions 64. The partitions or walls
64 have different diameters so as to form annular spaces
66 therebetween. Similarly, the section of the embodi-
ment 10A, which includes the rear panel 36 includes a
plurality of spaced walls or partitions 70 which are also
of different diameters to form annular spaces 72. The
diameters of the walls 64 and of the walls 70 are so
selected so that the walls 64 can be received within the
spaces 72 while the walls 70 are received within the
annular spaces 66 to form annular circular intermediate
chambers 42a2-42¢ which together form the tortuous
path for the backwave. The innermost cylindrical parti-
tion 64 defines an initial chamber 68 which encloses the
rear of a loudspeaker 12 mounted on the front panel 54.
The outermost annular chamber or compartment 42/
defines the output or final chamber from which the
backwave is vented to the atmosphere through the
output vent 62.

While FIG. 4 has been described as a cross section of
the first described embodiment 10, this Figure is also
applicable to the second embodiment 10A. The internal
construction of the cylindrical partition, apertures and
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relative spacings within the enclosure are substantially
similar for both embodiments. In each case, the tortuous
path 50 would be similar as shown.

While the axial length and spacings between the par-
titions described in connection with the embodiments
10 and 10A are advantageously selected to present a
substantially uniform cross-sectional area to the back-
wave which is approximately equal to the effective
cone area of the loudspeaker 12, the effective cross-sec-
tional area for the backwave may, in some instances, be
made equal to less than the effective cone area. Such a
modification in the construction or design of the enclo-
sure produces different degrees of advantage and, may
be desirable under certain circumstances.

With respect to the embodiments 10 and 10A, the
partitions have been shown to be mounted on the front
and rear panel of the respective enclosures. These parti-
tions may be connected to their associated panels in any
" conventional manner. However, in order to improve
the rigidity of the overall structure, it has been found
advantageous to provide grooves on the inside surfaces
of the front and rear panels which are configurated and
dimensioned to receive the end edges of the cylindrical
partitions. The partitions are maintained within the
grooves by use of any suitable adhesive or fastening
means, such as screws, and preferably both an adhesive
and fastening means are used. The use of grooves as
suggested will be further described in connection with
FIGS. 9 and 12.

With respect to the embodiment 10A, which is circu-
lar in configuration, thin, stiff paper or cardboard cylin-
ders could be used as the partitions 32a-32¢ and
36a-36c. Such use of stiff paper or cardboard for the
partitions, in place of wood or other heavier materials,
would result in a reduction of weight and cost. Addi-
tionally, the use of a circular front panel would provide
improved performance since it would result in less
wave distortion than if a square or rectangular front
panel was used, due to the fact that sound waves are
hemispherical in nature and generally exhibit circular
symmetry. Additionally, with respect to circular cylin-
drical partitions, these could be mounted or assembled
with greater facility since a plurality of ring-type verti-
cal circular saw blades mounted on a common shaft
could be used to cut out the speaker mounting hole and
make the circular grooves in the front panel for mount-
ing the partitions, all this being done in one operation.
The same operation could be used to form the rear
panel and the grooves for accepting the circular cylin-
ders or partitions which are mounted thereon.

The embodiments 10 and 10A are exemplary of em-
bodiments wherein the predetermined direction of
propagation of the backwave is substantially normally
to the axis of symmetry. The embodiments which will
now be described are designed to cause the backwave
to propagate in a predetermined direction substantially

parallel to the axis of symmetry of the enclosure.
As should be evident from the above description,

both the embodiments 10 and 10A cause the backwave,
after leaving the initial chamber, to assume a Cross-sec-
tional configuration which is generally angular in shape.
With respect to the embodiments now to be described
apertures or openings are provided on generally planar
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partitions, the apertures being spaced from the axis of 65

symmetry and from each other proximate to the periph-
ery of these partitions to cause the backwave to assume
a cross-sectional configuration which is generally in the

10

shape of a segmented annulus when the backwave prop-
agates through the openings or apertures.

More specifically, the second type of enclosures n
accordance with the present invention include parti-
tions which are planar and substantially rectangular in
shape. In the presently preferred embodiments, these
partitions are square in shape. The partitions are spaced
from each other along the axis of symmetry of the en-
closure, with alternate ones of these partitions being
provided with apertures in the nature of peripheral
openings. Intermediate partitions are disposed between
the alternate partitions and are provided with apertures
in the nature of central openings. In this manner, the
backwave propagates in directions substantially normal
to the axis of symmetry subsequent to passage to each
aperture or opening in any one of the partitions.

Referring to FIGS. 8 through 11, an enclosure 10C is
shown which has a speaker 12 mounted on a front panel
16, as with the other described embodiments. However,
here the top panel 20, the bottom panel 22 and the side
panels 26 have a depth equal to the spacing between the
front panel 16 and the rear panel 18.

As described above, the internal surfaces of the enclo-
sure panels are provided with grooves 74 which are
dimensioned to securely receive the edges of the parti-
tions.

The internal partitions or walls can generally be clas-
sified as being either odd partitions 76 or even partitions
78. The odd partitions 76 are provided with peripheral
slots 80 which are generally elongate and extend sub-
stantially about the entire periphery of each of the odd
partitions 76. On the other hand, the even partitions are
shown to be provided with a central opening 82 which
is generally rectangular in configuration and is disposed
coaxially with the axis of symmetry 31 of the enclosure.

The first odd partition 76 forms, together with the
front panel 16 and the peripheral panels, an initial cham-
ber 84 into which the rear of the loudspeaker 82 initially
propagates the backwave. Subsequently, each pair of
adjacent partitions 76 and 78 produce an intermediate
chamber. In FIG. 9, the intermediate chambers are
identified by the reference numerals 86a through 86k.
The last partition, which is an even partition 78, forms,
together with the rear panel 18 and the other peripheral
panels of the enclosure, a final chamber 88. The rear
panel 18 is similar in construction to an odd panel 76 in
that it is also provided with peripheral slots 80 which, in
this embodiment, define the output ports or vents
through which the backwave is discharged into the
atmosphere.

As will be evident particularly from an examination
of FIGS. 10 and 11, the partitions 76 and 78, and aper-
tures 80 and 82 are arranged to successively break up
the backwave into a substantially annular shape, such as
at 90, and subsequently substantially reconstitute the
backwave upon passage through the central openings
82 in the even partitions 78.

While in the embodiment shown in FIG. 9, the pe-
ripheral aperture means are in the nature of peripheral
slots 80, and the central aperture means are in the nature
of central openings 82, it is possible to achieve the same
effect by using a multitude of other types of aperture
means. For example, referring to FIGS. 15 and 16, there
is shown other examples of types of peripheral aperture
means which may be used, while different forms of
central aperture means are shown in FI1GS. 17 and 18.
In FIG. 15, the partition 96, which is an equivalent of
the odd partitions 76 in FIG. 9, are shown to have cor-
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ner portions, the peripheral aperture means in this parti-
tion being in the nature of corner portions which have
been cut away. The configurations of the cuts are not
critical and the following cut lines are exemplary: elipti-
cal cuts 964, circular cuts 965, triangular cuts 96¢ and 5
square cuts 964. In FIG. 16, still other possible forms of
peripheral aperture means are shown. Thus, the parti-
tion 94, again an equivalent of an odd partition 76 in
FIG. 9, the aperture means are in the nature of a series

or plurality of smaller holes arranged in series as shown. 10
The smaller holes can also take on different configura-
tions, and these are illustrated, by way of example only,
by the following hole configurations: rectangular holes
94a, square holes 94, circular holes 944 and triangular
holes 94¢. Of course, as will be evident, any combina-
tion of these holes can be used with substantially the
same or similar effect.

Similarly, as suggested above, the central opening 82
and the even partitions 78 can be replaced by a multi-
tude of other equivalent central type openings. Refer-
ring to FIGS. 17 and 18, some examples of such open-
ings are shown by way of illustration only. In FIG. 17,
it 1s suggested that the central opening can have differ-
ent configurations other than the square configuration
82 shown 1n FIG. 11. Thus, the central opening can
- have different shapes including: a circular opening 984,
rectangular opening 985, irregular opening 98¢ and
triangular or other polygonal shape 984. In FIG. 18, the
central opening is formed by a plurality of holes which 10
are provided in and about the axis of symmetry of the
enclosure. Again, these plurality of openings can have
different shapes and may be used in any conbination. On
the illustrative panel 100, the central openings are
shown to be triangular openings 100a, square openings 15
1006, rectangular openings 100c or circular openings
1002, With respect to all of the aforementioned open-
ings, whether peripheral or central, it is only important
that the overall effective area presented to the back-
wave as the backwave passes through a particular parti- 4,
tion is equal to approximately the effective cone area of
the loudspeaker 12. Aside from this basic requirement,
the specific opening used is not critical and any combi-
nation of such openings may be used.

In FIG. 10, which is a simplified schematic view of 45
the embodiments shown in FIGS. 9 and 11, the back-
wave 46 1s shown as it moves along the tortuous path 990
defined by the internal partitions. Also, the backwave is
shown to be vented to the atmosphere through the
output ports 80, the outgoing backwave being desig- sq
nated by the reference numeral 92. It will be seen that
while the backwave general propagates in a direction
parallel to the axis 31, it is deflected by the partitions
and caused to travel over a substantial portion of its
tortuous path in directions substantially normal to the 55
axis of symmetry 31. It is by virtue of this type of tortu-
ous path that the effective length to the backwave is

substantially increased.
Still referring to FIG. 10, there is shown a horn 128

which 1s mounted on the front panel 16 and is positioned 60
with respect to the loudspeaker 12 to load the front
wave generated by the speaker. Such a horn may be an
exponential horn, a hyperbolic horn or a conical horn.
Such horns are generally known, and may be used in
conjunction with any one of the embodiments in the 65
present invention, to provide better coupling of the
front wave to the atmosphere and, consequently in-
crease the overall efficiency of the speaker system.
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Referring now to FIGS. 12-14, there is shown a still
further embodiment 10D which in many respects is
similar to the embodiment 10C above-described. Refer-
ring to FIG. 12, the second, fourth, sixth, eighth and
tenth partitions following the initial partition 102 are
designated by the reference numeral 104, while the
third, fifth, seventh and the ninth partitions are desig-
nated by the reference numeral 106. A final partition,
which is the eleventh partition is designated by the
reference numeral 105 and it is followed by the rear
panel 18.

In this embodiment shown in FIG. 12, all the parti-
tions subsequent or following the partition 102 are pro-
vided with coaxially aligned central openings 116. Also,
all the partitions other than the rear panel 18 are pro-
vided with substantially aligned peripheral openings
112, 112a. All the partitions other than the first partition
102 and the rear panel 18 are provided with substan-
tially aligned intermediate openings 114, 114¢ generally
disposed between the peripheral and central openings.
Thus, the initial partition 102 is only provided with
outer peripheral slots 112. The rear panel is only pro-
vided with a central opening 116. However, the panels
104 and 106 are each provided with peripheral openings
112, 1124, intermediate openings 114, 114q and central
openings 116.

There is also provided in the embodiment 10D spacer
means 108 and 110 between adjacent partitions which
separates the central, intermediate and peripheral open-
ings to form a coaxial final chamber 120 through the
central openings 116. A tortucus annular path 124 is
formed which is folded once upon itself and extends
through the peripheral and intermediate openings. The
tortuous path extends between the initial chamber 118
and the final chamber 120.

As will best be noted from FIG. 14, the outer periph-
eral slots formed in the partitions 102, 104, 106 and 105
are situated in one of two radially spaced positions. The
peripheral openings 112 which are provided on the
partitions 102 and 106 are situated at the more proxi-
mate radial positions, while the peripheral slots 112q
provided on the partitions 104 and 105 are situated at
the more remote radial positions. In this manner, the
backwave is caused to follow a tortuous path as it passes
through the outer peripheral openings, as suggested in
FIGS. 13 and 14.

Still referring to FIG. 14, the intermediate openings
114 and 114q are similarly situated in one of two radially
spaced positions. Each of the partitions 104, 105 and 106
are provided with two inwardly spaced intermediate
openings 114 and two outwardly spaced intermediate
openings 114a. On the partitions 104 and 108, the inter-
mediate openings 114 are horizontally aligned, while
the intermediate openings 114¢ are vertically aligned.
On the other hand, on the partitions 106, the intermedi-
ate openings 114 are vertically aligned while the inter-
mediate openings 114a are horizontally aligned. The
intermediate openings 114 and 114q are aligned on adja-
cent partitions as shown in FIG. 14 to cause the back-
wave to follow a tortuous path as it passes through the

intermediate openings as suggested in FIGS. 13 and 14.
The above referred to spacer means 108 and 110

generally comprise spacer members which extend be-
tween each pair of adjacent partitions, each spacer
being in the nature of a cylindrical or annular member
as shown.

Referring to FIG. 13, this is a simplified schematic
view of the embodiment 10D shown in FIGS. 12 and 14
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and illustrates the manner in which the backwave ini-
tially propagates into the initial chamber 118 first tra-
verses the tortuous path caused by the nonalignment or
successive radial displacement of the peripheral aper-
tures 112, 112a. Propagation through the peripheral
slots corresponds to the propagation of the backwave
through the first leg or portion of the tortuous path 124.
When the backwave reaches the back panel 18, it is
reflected therefrom and caused to propagate through
the intermediate openings 114, 1144, this corresponding
to propagation of the backwave through the second leg
or portion of the tortuous path 124. When the backwave
46 reaches the end of the tortuous path, it is reflected
from the solid central portion of the initial partition 102

and is there reflected into the final chamber 120, from

which the backwave is vented to the atmosphere at 126.
It can be seen that partitions 104,105, and 106, of F1G.

' 14 are shown having intermediate chambers that have

both peripheral and central openings in the same parti-

tion. This is shown by way of illustration only to explain
two features of the invention.

. The first in a series of intermediate chambers may
have either central or peripheral openings without
departing from the teachings of the invention.

If a particular partition is used to form more than one
intermediate chamber, it does not have to provide the
same type openings for each chamber.

Referring to FIG. 14. The path of a speaker back-
wave will be explained, showing the different paths that
are taken when either slots 114 or 114 are used. The
path when slots 114 are used, is shown by line 124,
beginning at the speaker 12, through slot 112 of parti-
tion 102, through slot 112a of partition 104, through slot
112 of partition 106, through slot 112a of partition 103,
changing direction 180°, through slot 114 of partition
105, through slot 114 of partition 106, through slot 1144
of partition 104, through final chamber 116, after chang-
ing direction 180° for the second time, of partitions
104,106,105, and 18.

When slots 114g are used, the path is identical except
that after the path is changed 180° for the first time,
after going through slot 1124 of partition 105, the path
is through slots 114,114, and 114 of partions 105,106,
and 104 respectively. In other words, both paths are
identical except that slots 114 and 114aq of partitions
104,106, and 105 are interchanged.

While the intermediate chambers in the embodiment
10C are formed by each two adjacent partitions, and
said intermediate chambers have cross-sectional areas
substantially corresponding to the cross-sectional area
of the enclosure, the intermediate chambers in the em-
bodiment 10D are substantially smaller in cross-sec-
tional area. In the embodiment 10D, the intermediate
chambers are similarly formed by adjacent internal
partition, but are also limited in size by the inner and
outer spacer members 108 and 110. This construction
substantially increases the number of bends to which the

backwave 46 is exposed, this increasing the effective g

length for the backwave path.
It is to be understood that the foregoing description

of the various embodiments illustrated heretn is only

exemplary of the present invention and various modifi-

cations to these embodiments shown may be made with-

out departing from the spirit and scope of the invention.
What is claimed 1s:

10

135

20

25

30

35

45

50

33

65

14

1. A labyrinth speaker system which substantially
maintains the free air resonance frequency of a speaker
mounted therein and having a generally large total
internal surface area as compared to its volume, com-
prising a cabinet enclosure having front, side and rear
panels; partition means inside said enclosure for forming
an initial chamber, a plurality of intermediate chambers,
and a final chamber, said initial chamber bounding on
said front panel and said final chamber bounding on at
least one of said panels and having an output port open-
ing to the outside of said enclosure; speaker means hav-
ing an effective cone area for generating a backwave to
be initially propagated into said initial chamber and a
front wave, said partition means including a plurality of
generally parallel partitions being spaced from each
other along a predetermined direction and defining an
axis of symmetry and defining adjacent intermediate
chambers, said partitions being provided with aperture
means communicating the interiors of respective adja-
cent intermediate chambers, alternate said partitions
being provided with center aperture means generally
located about said axis of symmetry; remaining alternate
partitions having non-aligned peripheral aperture means
generally located about said axis of symmetry and at
different radial distances to form folds in the speaker
back wave path; said peripheral aperture means having
a predetermined total cross sectional area and consisting
of four generally equal peripheral openings, each com-
prising a series of smaller openings; said center aperture
means having a predetermined total cross sectional area
and consisting of four generally equal center openings,
each comprising a series of smaller openings; said parti-
tions, said center aperture means, and said peripheral
aperture means forming a tortuous path which causes
said back wave to change directions of propogation at
least 90° upon entry into each successive intermediate
chamber, and the cross sectional area presented to said
back wave in said tortuous path being essentially con-
stant.

2. A labyrinth speaker system as defined in claim 1,
wherein said speaker means is mounted on said front
panel.

3. A labyrinth speaker system as defined in claim 1,
wherein said aperture means comprises a plurality of
slots spaced away from said axis of symmetry and
spaced from each other proximate to the periphery of at
least one of said partitions, whereby said back wave
assumes a cross-sectional configuration which 1s gener-
ally in the shape of a segmented annulus when said back
wave propagates through said slots.

4. A labyrinth speaker system as defined in claim 1,
wherein said predetermined direction is substantially
parallel to said axis of symmetry.

5. A labyrinth speaker system as defined 1n clamm 1,
wherein said tortuous path, aperture means and said
output port all have effective cross-sectional areas for
said back wave less than said effective cone area.

6. A labyrinth speaker system as defined in claim 1,
further comprising a horn connected to said front panel
to enclose the periphery of said speaker means to load
the front wave of said speaker means.

7. A labyrinth speaker system as defined in claim 1,
wherein a continuous path having a substantially um-
form cross-sectional area equal to approximately said
effective cone area extends at least a portion of the

length travelled by said back wave.
i % ¥ ¥ ¥
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